Summary
Light surgical anaesthesia lasting 12-15 min was produced by metomidate at 50 mg/kg and by etomidate at 30 mg/kg after intraperitoneal injection. Full surgical anaesthesia lasting about 160 min was achieved after subcutaneous injection of a metomidate-fentanyl mixture (60 mg/kg:0·06 mg/kg) and this proved superior to etomidate-fentanyl given subcutaneously or intraperitoneally. It was concluded that metomidate-fentanyl is superior to pentobarbitone and tribromoethanol as an injectable anaesthetic for mice.
The need for a simple, reliable and safe injectable anaesthetic technique for mice which allows several animals to be injected as a group and avoids the use of masks, vaporizers and potentially hazardous inhalational agents has still not been entirely satisfied. The ideal agent would produce surgical anaesthesia for up to 60 min with rapid recovery thereafter, would be well absorbed after subcutaneous (sc) injection to avoid the possibility of damage to viscera during and after intraperitoneal (ip) injection, would have minimal effects on the cardiopulmonary system, and would be readily soluble to allow administration of small volumes. Pentobarbitone or tribromoethanol have been used routinely by many laboratories as injectable agents in mice. However, the former is less than ideal as it causes marked respiratory depression at anaesthetic dosages and this may lead to a high acute mortality, particularly in mice already suffering from respiratory disease. Tribromoethanol is highly effective at the time of anaesthesia but a high mortality days or even weeks after apparently uneventful recovery has been reported (Tarin & Sturdee, 1972) . Autopsy has revealed extensive adhesions, ileus and gut dysfunction.
As alternatives to these agents we have used fentanyl-diazepam administered ip (Green, 1975) , or the steroids alphaxalone-alphadolone intravenously (Green, Halsey, Precious & Wardley-Smith, 1978) invariably depresses respiration. Alphaxalonealphadolone produces surgical anaesthesia when administered intravenously (iv), but is too rapidly metabolized for a consistent effect after ip injection so that surgical anaesthesia may b","transient or even fail to develop at all.
Metomidate with fentanyl has been found valuable in mice elsewhere (R. Medd, personal communication), whilst etomidate alone has also been reported as useful (Gomwalk & Healing, 1981) . We now present information arising from continuing studies in our laboratory using different combinations of these agents.
Materials and methods
Pharmacology of drugs assessed " Fentanyl citrate (0·05 mg/ml 'Sublimaz:e'; Janssen
Pharmaceutical
Ltd, Marlow, UK). Fentany"1 is a potent sedative-analgesic with a biological halflife of about 7 min. It is rapidly absorbed from intramuscular (im), sc or ip sites to produce analgesia, sedation, respiratory depression and bradycardia in most species. However, in mice it also produces central nervous system (CNS) stimulation accompanied by tremors, tail flick, enhanced muscle tone and exaggerated response to noise. Its morphine-like effects can be antagonized with agents such as nalorphine. The useful analgesic properties of fentanyl can be enhanced by hypnotic agents such as diazepam, xylazine or barbiturates to produce neuroleptanalgesia accompanied by muscular relaxation.
Metomidate hydrochloride (50 mg/ml 'Hypnodil'; Crown Chemicals Ltd, Lamberhurst, UK). Metomidate is a hypnotic agent in mammals, birds, reptiles and fish, which has strong central muscular relaxant but no analgesic properties. In pigs and horses it can be used with azaperone, a neuroleptic drug lacking analgesic properties to produce light surgical anaesthesia, and it can be combined with sedative-analgesics such as fentanyl to produce neuroleptanalgesia (see Green, 1979) . In pigs at least, it has remarkably little effect on the cardiopulmonary systems. Muscular tremors and involuntary movements can be marked in several species both during induction and recovery. Metomidate appealed to us as an adjunct to fentanyl since it would be likely to enhance the latter's sedative effects without increasing the risk of respiratory depression and bradycardia.
The commercial solution of metomidate (50 mg/ml) was"diluted 50 :50 in 0·9% saline solution when used alone. When mixed with fentanyl, 1 ml of the metomidate solution was diluted in 25 ml of 0·9% salit'le, to which was added 1 ml of commercial fent~nyl solution (0·05 mg/ml).
Etomidate (2 'mg/ml 'Hypnomidate'; Janssen Pharmaceuticals Ltd) is a hypnotic which has been developed for iv administration in man, and most of the available information is based on experience in that species. The duration of sleep produced is dosedependent but at O· 3 mg/kg iv lasts from 6-10 min and recovery is rapid and complete with no hang-over effect. Etomidate has no analgesic properties in man but is compatible with fentanyl and with muscular relaxants and inhalational anaesthetics in current use. The most valuable aspect of etomidate is that it has minimal effects on the cardiovascular system and its effects on respiratory function are less than comparable agents. The most frequently recorded side-effects are spontaneous muscular movements developing during induction, and pain experienced at sites of iv injection. In both rats and mice, it has a wide therapeutic index (LDso: EDso = 29: 1) when the EDso is measured against loss of righting reflex after iv injection, and the biological halflife in rats is 40 min.
Etomidate was either dissolved at 125 mg/ml in absolute ethanol and diluted in water for administration as appropriate, or the commerciallyavailable solution (2 mg/ml with 35% propylene glycol) was injected without dilution.
Methods of assessment
Metomidate and etomidate were evaluated separately after ip and sc injection over a range of dosages from Green, Knight, Precious & Simpkin those likely to induce sleep up to those likely to prove lethal. They were also evaluated in combination with fentanyl to counteract the latter's stimulatory effect, administered in one injection.
All trials were conducted in groups of 5-10 mice, matched for age and weight. The animals were used as soon as issued from the barrier-maintained (SPF) breeding colony to avoid contamination by contact with conventional mice and hence possible respiratory problems.
A record w'as made of intervals from injection to onset of effect, loss of righting reflex, attainment of analgesia, duration of peak effect, recovery of righting reflex and to full recovery when the mice appeared normal. The level of analgesia attained was assessed by loss of corneal reflex and loss of reflex movement when the toes and tail were pinched. Muscular relaxation was assessed subjectively by observation of loss of muscle tone in the limbs and by abdominal relaxation. The breathing rate and heart rate were each counted at regular intervals throughout the period of observation and a subjective assessment of cardiopulmonary function made by noting colour changes in the extremities. Any side-effects were recorded.
Results
Groups 1-7 (Table I) . Metomidate was diluted in sterile 0·9% saline solution to a 2·5% v/v mixture and administered ip or sc. Surgical anaesthesia including loss of corneal reflex, response to tail pinch and muscular relaxation developed after injection at both 50 and 125 mg/kg ip. There was little cardiopulmonary dysfunction at the lower dosage of 50 mg/kg, but the failure rate increased at 125 and 150 mg/kg ip. The maximum effect was maintained for 12-15 min. Myoclonic movements and exaggerated response to noise were observed during both induction and recovery. Administration sc achieved deep sedation without analgesia, and myoclonic movements and t Insufficient analgesia for surgery, responsive to noise and pronounced 'tail ftick'. 173 tremors were consistently observed in these groups (Groups 5-7).
Groups 8-14 (Table 2) . Metomidate was mixed with fentanyl so that each ml of mixture contained 2 mg of metomidate and 0·002 mg of fentanyl, and the solution was administered sc or ip. This mixture was compared in pilot studies with more concentrated solutions which could be given in smaller volume, but it was found that the higher volumes (0·5-1·0 ml) achieved more consistent results and were well tolerated. The addition of fentanyl to metomidate (Table 2 ) resulted in significant depression of respiratory rate and increased stimulation of muscle twitching and tail erection ('tail flick') when the proportion of fentanyl to metomidate was raised (Groups 10, 13, 14) . However, the combination of 60 mg/kg metomidate: 0·06 mg/kg fentanyl injected sc consistently achieved surgical anaesthesia lasting about 60 min and, although cardiopulmonary function was depressed, the mice recovered with no unwanted sequelae (Group 8).
Groups 15-19 (Table 3 ). Etomidate was supplied as a concentrated solution in ethanol at 125 mg/ml and diluted to a I·25% v/v solution in sterile water. Surgical anaesthesia was achieved very rapidly at an etomidate dosage of 35 mg/kg in 5% ethanol. Muscular relaxation was excellent, respiration was well maintained and analgesia was complete for about 15 min, but some tremors developed after 20 min and during recovery. The LDso was approximately 75 mg/kg ip.
Groups 20-25 (Table 4 ). The commercial solution containing 2 mg/ml of etomidate was used undiluted. At the 24 mg/kg ano 30 mg/kg dosages ip (Groups 22 and 23), mice rapidly lost their righting reflex, and analgesia developed in 3-5 min. At the lower of the 2 dosages, tremors and myoclonic movements were seen in 4 of 10 mice throughout the period from injection to recovery, but the mice were remarkably relaxed at the 30 mg/kg dosage. Cardiopulmonary function was well maintained. However, analgesia suitable for surgery lasted for only 12-15 min. The LDso was about 50 mg/kg ip (Group 24) but at 60 mg/kg sc, etomidate failed to produce surgical anaesthesia at all (Group 25).
Groups 26-29 (Table 5 ). To enhance the analgesia achieved with etomidate, fentanyl was given simultaneously sc or ip. At a dosage of 18 mg/kg etomidate with 0·08 mg/kg fentanyl, sc injection failed to produce surgical anaesthesia, but when it was injected ip, analgesia lasting 20-25 min was achieved. t 4/10 mice had tremors throughout period. 
Discussion
It appeared from these assays that a short period of surgical anaesthesia could be safely achieved in the majority of mice when metomidate was given alone at 50-80 mg/kg ip, but not when it was given sc even at far higher dosages (150-300 mg/kg). Etomidate proved suitable for a short period of surgical anaesthesia if given ip but was poorly absorbed from sc sites.
At the correct ratio of metomidate: fentanyl, surgical anaesthesia with good analgesia lasting about 60 min was achieved following sc injection. It was interesting to note that the ED 9S of the mixture given sc equalled the LDso if it was given ip, but lower and safer dosages ip were inconsistent in their effect. However, when etomidate-fentanyl was assessed the prolongation achieved was hardly worthwhile in view of the marked respiratory depression caused by the combination and the narrower therapeutic index as compared with etomidate alone. We concluded that etomidate-fentanyl was less satisfactory than metomidate-fentanyl, especially as the latter could be injected sc to produce a longer period of satisfactory anaesthesia.
Since both metomidate and etomidate are basically hypnotic agents which lack analgesic properties in larger mammals (Green, 1979) , it was surprising to find that useful surgical anaesthesia could be produced in mice with each of them when given ip. This was sufficient for minor surgical procedures and had the advantage over other agents of causing minimal cardiopulmonary depression at effective dosages. The most noticeable and frequent side-effects were myoclonic jerking and twitching movements which were disconcerting during surgery. However, many of the mice were very well relaxed. Neither agent was effective if injected sc alone.
There was little to be gained from using fentanyl in combination with etomidate since cardiopulmonary function was markedly depressed, but the metomidatefentanyl combination at 60 mg/kg: 0·002 mg/kg sc was highly effective. Not only .could it be given easily without fear of damaging the animal, but its peak effect was attained rapidly and smoothly, and surgical anaesthesia was maintained for up to 60 min. It should be noted that when we tried to use small (0·1 ml) volumes of a more concentrated solution, albeit at the same mg/kg dosage, the results were less consistent, especially after sc injection. It also proved essential to strike the right balance between metomidate and fentanyl-if, for example, each mouse received only 30 mg/kg metomidate, then the stimulatory effects of fentanyl were observed including 'jumping' movements of the feet and rapid 'tail flick'.
We conclude that metomidate-fentanyl approaches the ideal stated earlier, although it is not so consistent in providing deep surgical anaesthesia as fentanyldiazepam (Green, 1975) . It is certainly superior to pentobarbitone as an injectable agent and, since it can be given sc, lacks the dangers reported in the use of tribromoethanol.
